Using a storage method based on hypothermic (40 C) perfusion with a water-based asanguinous solution the dog heart has been preserved for up to 72 hours in a viable condition. The ultimate functional test of the viability of such hearts is orthotopic transplantation. Seven of eight dog hearts stored for 72 hours were able to support the recipient circulation in a stable manner after acute orthotopic transplantation. The donor hearts maintained a mean arterial pressure of 70-100 mmHg, left atrial pressure 5-12 cm H20, and maximum dp/dt of the left ventricular pressure was 1,200-2,400 mmHg/second. No myocardial stimulants were used. The results of 72 hours' hypothermic perfusion storage were superior to those of previously reported six hours' non-perfusion storage. A comment is made on the empirical nature of this field.
The storage of organs in a viable condition is central to many of the problems of organ transplantation. The more obvious and immediate benefits to be gained from such storage include elective rather than emergency surgery, the ability to transport the organ from the donor to the place best fitted to use it, and time to identify and make available the most suitable recipient. In the heart, the magnitude of the operation, the complexity of cardiopulmonary bypass, and the size of the operating team all render these benefits of even greater importance than in the kidney.
Furthermore, the fact that there can be no return to the circulatory equivalent of dialysis should the heart be rejected places a premium on selection of the recipient with the closest possible tissue match, and this may require considerable time. But whereas the kidney has been stored in a viable condition for up to 72 hours (Belzer, Ashby, and Dunphy, 1967) , storage of the heart has met with less success; to date the longest period that a heart has been stored in vitro and has retained sufficient viability to support the circulation after orthotopic transplantation is 24 hours (Feemster and Lillehei, 1969) .
Some time ago we reported the first successful storage of dog hearts by hypothermic perfusion for 72 hours (Proctor and Parker, 1968 act as reservoir, oxygenator, and filter, thus simplifying the apparatus, a necessary feature if multiple units in a heart 'bank' are to be developed. perfusion storage using an asanguinous solution was similar to that previously described (Proctor and Parker, 1968) , but with the glass sinter method of continuous filtration replaced by disposable Sartorius' cellulose nitrate filters of 8 micron pore size. A further change was the use of chlorpromazine (15 mg/ litre) in the perfusate to prevent ventricular fibrillation during rewarming of the stored hearts. Figure 1 shows three such perfusion units in an experimental heart 'bank' within a large refrigerator. The Perspex pots act as reservoir, oxygenator, and filter, thus simplifying the apparatus, a necessary feature if multiple units in a heart 'bank' are to be developed. For convenience, and to avoid problems associated with the use of homologous blood in dogs (Gadboys, Jones, Slonim, Wisoff, and Litwak, 1963) , cardiopulmonary bypass was by a total haemodilution method using a low-prime oxygenator of our own design (Proctor and de Bono, 1965) . After the donor hearts had been inserted into the recipient the myocardium was rewarmed in situ by flushing the coronary vessels with fresh perfusate solution, minus the procaine and chlorpromazine, before opening the aortic clamp. Cardiopulmonary bypass was stopped a few minutes later and systemic arterial pressure, venous pressure, left atrial pressure, and maximum dp/dt of the left ventricular pressure (as a measure of myocardial contractility) were recorded. Pacemaker leads were not inserted. group.bmj.com on June 20, 2017 -Published by http://thorax.bmj.com/ Downloaded from Acute orthotopic transplantation of heacrts stored for 72 houirs lar pressure (max. dp dt) was in the range 1,200-2,400 mmHg/second; one of the best results in this respect is shown in Figure 2 . The above results were all recorded in the absence of myocardial stimulation (noradrenaline, isoprenaline, calcium, or digitalis) since we were concerned in this series with measuring the performance of these stored hearts as a baseline study. It is a measure of the viability of these hearts that one of them survived a period of 15 minutes' ischaemic cardiac arrest at 370 C due to a coronary air embolism associated with removal of the left ventricular vent. This was the only occasion on which it was neces$ary to return to cardiopulmonary bypass; after. removal of the air embolus the heart was able to resume control of the circulation. Each experiment was discontinued after 1 -2 hours' stable control of the circulation.
DISCUSSION
The transplanted heart is a denervated organ, and being deprived of its endogenous noradrenaline is at a marked physiological disadvantage compared with the normal heart (Willman, Merjavy, Pennell, and Hanlon, 1967; Ebert, 1968; Linden, 1969) . When to this insult is added a 10-minute period of ischaemic arrest during its removal from the donor, up to 1 hour without perfusion (albeit kept cold) during insertion, 3 to 4 hours of anaesthesia, and up to 2 hours of cardio- (lead III) showing the development of sinus rhythm in heart stored for 72 hours and then orthotopically transplanted: A, 10 minutes off cardiopulmonary bypass, showing only the recipient P wave; B, 30 minutes off bypass, showing both recipient P wave (Pr) and donor P wave (Pd).
H pulmonary bypass, it says much for the method of storage when a 72-hour heart will resume immediate control of the circulation after orthotopic transplantation. What is surprising is that it beats at all.
It is our impression that hearts stored for 72 hours by hypothermic perfusion perform better when orthotopically transplanted than comparable hearts flush-cooled in the same way but stored without perfusion at 40 C for 6 hours in the shortterm transport system previously described (Proctor and Matthews, 1970) . This is more objectively shown in the increase in the max. dp/dt of the perfused hearts (mean of 1,550 mmHg/second compared with 1,050 mmHg/second in the 6-hour non-perfused hearts), and the more frequent and rapid return of sinus rhythm in the perfused hearts, a good example of which is shown in Figure 3 . This point is worth making in view of the unique requirement that the heart must support the recipient circulation immediately after transplantation. Although convenient and simple, We are indebted to Lord Brock for his support and encouragement in this work.
